(19) 



J 



(12) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets (11) EP 0 666 238 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
13.01.1999 Bulletin 1999/02 

(21 ) Application number: 94922359.8 

(22) Date off Ming: 11.08.1994 



(51) Int a. 6 : C01B 13/32, C01G 23/00, 
C01G 25/00, C01F5/02, 
C01G 49/06, C01F 17/00, 
C01G 19/02, C01G 15/00, 
C01G 1/02, C01G 25/02, 
C01F7/00 

(86) International application number: 
PCT/JP94/01329 

(87) International publication number: 

WO 95/04700 (16.02.1995 Gazette 1995/08) 



CO 

00 
CO 
CM 

CD 
CO 
CO 

o 

Q. 
LU 



(54) METAL OXIDE POWDER AND PROCESS FOR PRODUCING THE SAME 

METALLOXIDPULVER UND VERFAHREN ZU DESSEN HERSTELLUNG 
POUDRE D'OXYDE METALLIQUE ET PROCEDE DE PRODUCTION 



(84) Designated Contracting States: 


• TANAKA, Shinichiro 




CHDEFRGBITUNL 


Ibaraki 305 (JP) 






- UMEDA, Tetsu 




(30) Priority: 1 1 .08.1 993 JP 22071 5/93 


Ibaraki 305 (JP) 




09.09.1993 JP 249924/93 


• WATANABE, Hisashi 




28.10.1993 JP 294528/93 


Ibaraki 305 (JP) 




09.11.1993 JP 304639/93 


• SAEGUSA, Kunio 






Tsukuba-gun Ibaraki 300-24 (JP) 


(43) Date of publication of application: 


• HASEGAWA, Akira 




09.08.1995 Bulletin 1995/32 


Ibaraki 305 (JP) 




(73) Proprietor: 


(74) Representative: 




Sumitomo Chemical Company, Limited 


VOSSIUS & PARTNER 




Chuo-ku Osaka 541*8550 (JP) 


Siebertstrasse4 




(72) Inventors: 


81675 MOnchen (DE) 






• MOHRI, Masahide 


(56) References cited: 




IbaraW 305 (JP) 


JP-A- 2 197014 


JP-A- 3 059 194 


• KOIKE, Hironobu 


JP-A-57123824 


JP-A-58 091 037 


IbaraW 305 (JP) 


JP-A-62 017021 


JP-B- 2 025 841 




JP-B-56 037697 


JP-T- 1 501 062 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement tt shall not be deemed to have been filed until the opposition fee has been paid. (Art 
99(1) European Patent Convention). 



Primed by Xerox (UK) Business Services 
2.16.7/16 



BEST AVAILABLE COPY 



EP0 666 238B1 



Description 

FIELD OF THE INVENTION 

The present invention relates to a metal oxide powder which is used as a raw material powder of an oxide ceramic 
that is used as a functional material or a structural material, a metal oxide powder which is used in a dispersed state as 
afiller or a pigment, or a metal oxide powder which is used as a raw material powder for the production of a single crys- 
tal or for flame spray coating, and a method for the production thereof. 

PRIOR ART 

In general, an oxide ceramic which is used as a functional material or a structural material is produced through a 
molding step and a calcination step from a metal oxide powder as a raw material. Properties of the metal oxide powder 
to be used as the raw material have a large influence on the production steps, and functions and physical properties of 
the ceramic product. Then, it is highly desired to provide a metal oxide powder having powder properties which are pre- 
cisely controlled so that they are suitable for an intended application. 

When a metal oxide powder is used in a dispersed state such as a magnetic fine powder, a filler or a pigment since 
properties of each particle are reflected directly on the dispersed state, the control of the properties of the powder is 
more important 

The required properties of the metal oxide powder vary with a kind and application form of the metal oxide Com- 
monly required properties are a uniform particle size of the metal oxide powder, that is, a narrow particle size distribu- 
tion, and a weak bond among primary particles, that is, less agglomeration and good dspersibility. 

For example, a titanium oxide powder is widely used as a raw material of a white pigment a raw material of a filler 
to be added to a resin, a raw materia! of a material having a high refractive index, a raw material of a UV light absorber, 
a raw material of a single crystal, a raw material of a photocatalytic active semiconductor, a raw material of a catalyst 
support, a raw material of an abrasive, a raw material of a dielectric material, and so on. 

A zirconium oxide powder is useful as a material to be used in a high temperature material or a mechanical struc- 
tural material, an ion conductive material, a piezoelectric material and so on, and is used as a raw material of a calcined 
body and a raw material for meH spray coating. 

A magnesium oxide powder is a useful as a raw material of a refractory ceramic, a raw material of a functional 
ceramic such as an electronics material or an optical material, and the like. 

A cerium oxide powder is one of oxides of rare earth elements, and useful as an electrical conductive material, an 
optical material, or an abrasive. 

A tin oxide powder is a valuable material used as an electronics material, a pigment, a catalyst or an abrasive. 

Hitherto, these metal oxides are produced by a liquid phase method, a gas phase method, a hydrothermal synthe- 
sis method, a direct oxidation method, an electrical fusion method, and the like. The produced metal oxide powders 
have some problems such as formation of agglomerates, nonunrformity in the particles, a wide particle size distribution, 
and so on, and they are not necessarily satisfactory. Further, the above production methods themselves have problems 
such as complicated procedures, problems of apparatuses, costs of raw materials, and so on. Then, it has been desired 
to develop a metal oxide powder which contains less agglomerated particles and have a narrow particle size distribu- 
tion, and to develop a method for producing such metal oxide powder generally and advantageously in an industrial pro- 
duction. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a metal oxide containing less agglomerated particles and having a 
narrow particle size distribution and a uniform particle shape, which is preferably used as a metal oxide powder to be 
used as a raw material powder of an oxide ceramic that is used as a functional material or a structural material, a metal 
oxide powder to be used in a dispersed state as a filler or a pigrnent or a metel oxide powder to be used as a raw mate- 
rial powder for the production of a single crystal or for flame spray coating. 

Another object of the present invention is to provide a production method which can be generally employed in the 
production of such metaJ oxide powder and is excellent industrially. 

As a result of the extensive study on the metal oxide powders, it has been found that, when a raw material is cal- 
cined in a specific atmosphere gas, the above described metal oxide containing less agglomerated particles and having 
a narrow particle size distrfoution and a uniform particle shape is obtained, and that such method can be employed gen- 
erally in the production of various metal oxide powders and excellent industrially, and the present invention has been 
completed after further investigations. 

That is. according to a first aspect of the present invention, there is provided a metal oxide powder except a-alu- 
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mina, comprising polyhedral particles having at least 6 planes each, a number average particle size of from 0.1 to 300 
urn. and a D 9 </D 10 ratio of 10 or less where D 10 and Dqq are particle sizes at 10 % and 90 % accumulation, respectively 
from the smallest particle size side in a cumulative particle size curve of the particles. 

According to a second aspect of the present invention, there is provided a rutile type titanium oxide powder com- 
prising polyhedral particles each having at least 8 planes. 

According to a third aspect of the present invention, there is provided a method for producing a metal oxide powder 
except a-alumina, having a narrow particle size distribution, comprising calcining a metal oxide powder or a metal oxide 
precursor powder in the presence or absence of a seed crystal in an atmosphere containing at least one gas selected 
from the group consisting of (1) a hydrogen halide. (2) a component prepared from a molecular halogen and steam and 
(3) a molecular halogen. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a scanning electron microscopic photograph (x 850) showing a particle structure of a titanium oxide pow- 
der observed in Example 1. 

Fig. 2 is a scanning electron microscopic photograph (x 1 700) showing a particle structure of a titanium oxide pow- 
der observed in Example 7, 

Fig. 3 is a scanning electron rnicroscopic photograph (x 1700) showing a particle structure of a titanium oxide pow- 
der observed in Example 9, 

Fig. 4 is a scanning electron microscopic photograph (x 4300) showing a particle structure of a titanium oxide pow- 
der observed in Example 15. 

Fig. 5 is a scanning electron microscopic photograph (x 1 700) showing a particle structure of a titanium oxide pow- 
der observed in Comparative Example 1. 

Fig. 6 is a scanning electron microscopic photograph (x 430) showing a particle structure of a zirconium oxide pow- 
der observed in Example 20, 

Fig. 7 is a scanning electron microscopic photograph (x 430) showing a particle structure of a zirconium oxide pow- 
der observed in Example 21, 

Fig. 8 is a scanning electron microscopic photograph (x 430) showing a particle structure of a zirconium oxide pow- 
der observed m Example 22, 

Fig. 9 is a scanning electron microscopic photograph (x 1720) showing a particle structure of a zirconium oxide 
powder observed in Comparative Example 3, 

Fig. 10 is a scanning electron microscopic photograph (x 430) showing a particle structure of a magnesium oxide 
powder observed in Example 23. 

Fig. 1 1 is a scanning electron microscopic photograph (x 850) showing a particle structure of a magnesium oxide 
powder observed in Example 24, 

Fig. 12 is a scanning electron microscopic photograph (x 850) showing a particle structure of a magnesium oxide 
powder observed in Example 25, 

Fig. 1 3 is a scanning electron microscopic photograph (x 1 720) showing a particle structure of a magnesium oxide 
powder observed in Comparative Example 6. 

Fig. 14 is a scanning electron microscopic photograph (x 1720) showing a particle structure of an iron oxide powder 
observed in Example 26, 

Fig. 15 is a scanning electron mtaoscopic photograph (x 1 720) showing a particle structure of an iron oxide powder 
observed in Comparative Example 8, 

Fig. 1 6 is a scanning electron microscopic photograph (x 8500) showing a particle structure of a cerium oxide pow- 
der observed in Example 27, 

Fig. 17 is a scanning electron microscopic photograph (x 4300) showing a particle structure of a cerium oxide pow- 
der observed in Comparative Example 9, 

Fig. 18 is a scanning electron microscopic photograph (x 8000) showing a particle structure of a tin oxide powder 
observed in Example 28. 

Fig. 19 is a scanning electron microscopic photograph (x 8000) showing a particle structure of a tin oxide powder 
observed in Comparative Example 10. 

Fig. 20 is a scanning electron microscopic photograph (x 15500) showing a particle structure of an indium oxide 

powder observed in Example 29, 

and 

Fig. 21 is a scanning electron microscopic photograph (x 15500) showing a particle structure of a indium oxide 
powder observed in Comparative Example 11. 
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DETAILED DESCRIPTION OF THE INVENTION 
The present invention will be explained in detail. 

The metal oxide powder having the narrow particle size distribution is a compound of a single metal element and 
5 oxygen consisting of polyhedral particles each having at least 6 planes (excluding complex oxides and a-aiumina pow- 
der), which is distinguished from a metal oxide which is produced by the conventional methods and contains may 
agglomerated particles. Hereinafter, a compound of a single metal element and oxygen will be sometimes referred to 
as a "simple metal oxide". 

The method of the present invention produces a metal oxide except a-alumina, having a narrow particle size distri- 
10 bution, by calcining a metal oxide powder or a metal oxide precursor powder in the presence or absence of a seed crys- 
tal in an atmosphere containing at least one gas selected from the group consisting of (1) a hydrogen halide, (2) a 
component prepared from a molecular halogen and steam and (3) a molecular halogen. 

When the metal oxide powder having the narrow particle size distribution is produced by the method of the present 
invention, a metal oxide precursor powder is exemplified as a raw material. 
is Herein, the metal oxide precursor powder is intended to mean a material which gives the metal oxide consisting of 
the single metal and oxygen by a decomposition reaction or an oxidation reaction in calcination, and includes, for exam- 
ple, metal hydroxides, hydrated metal oxides, metal cxyhydroxide, metal oxyhalides. and so on. 

When the metal oxide powder having the narrow particle size distribution is produced by the method of the present 
invention, a known metal oxide powder can be used as a raw material depending on the kind of the intended metal oxide 
20 powder. 

As the raw material metal oxide powder, one having an average primary particle size of less than 0.1 urn is prefer- 
ably used. As the average primary particle size of the raw material metal oxide powder, a particle size calculated from 
a BET specific surface area can be used. It is possible to produce the intended metal oxide powder having the narrow 
particle size distribution and the larger particle size than that of the raw material metal oxide powder, from the raw mate- 
25 rial metal oxide powder having the above particle size. When the average primary particle size of the raw material pow- 
der is larger than 0.1 urn, the production of the metal oxide powder containing less agglomerated particles and having 
the narrow particle size dstribution may become difficult. 

A seed crystal which may be used in the present invention is intended to mean a crystal which functions as a grow- 
ing site for the crystal growth of the intended metal oxide. Around the seed crystal, the metal oxide grows. Any seed 
30 crystal can be used insofar as it has this function. For example, when the metal oxide precursor is used as the raw mate- 
rial, the metal oxide powder is preferably used. Further, when the metal oxide powder having the average primary par- 
ticle size of less than 0.1 um is used as the raw material, a metal oxide powder having a larger particle size than the 
average particle size of the raw material metal oxide powder, for example, a particle size at least 5 times larger than the 
average primary particle size of the raw material is used. 
35 When a crystal phase of the metal oxide as the raw material is changed to a more stable crystal phase by calcina- 
tion, the metal oxide having the more stable crystal phase is preferred as the seed crystal. 

There is no limitation on a manner for adding the seed crystal to the raw material powder. For example, a mixing 
manner such as ball milling, ultrasonic dispersing, and the like can be used. 

The above described metal oxide precursor powder, the raw material metal powder, for instance, the metal oxide 
40 powder having the average primary particle size of 0.1 }im or less, and those raw materials to which the seed crystal is 
added are generally named as the raw material metal oxide powder. 

Examples of the metal element contained in the raw material metal oxide powder are the metal elements of the 
Group lb of the Periodic Table such as copper, etc.; the metal elements of the Group II such as magnesium, zinc, etc.; 
the metal elements of the Group III such as yttrium, cerium, gallium, indium, uranium, etc.; the metal elements of the 
45 Group IV such as titanium, zirconium, germanium, etc.; the metal elements of the Group V such as vanadium, niobium, 
tantalum, bismuth, etc.; the metal elements of the Group VI suc-'i as chromium, the metal elements of the Group VII 
such as manganese; and the metal elements of the Group VIII such as iron, cobalt, nickel, etc. (except aluminum). 

Preferred examples of the metal elements are magnesium, titanium, zirconium, 'won, cerium, indium, and tin. 

In the method of the production of the metal oxide powder according to the present invention, the raw material 
so metal oxide is not limited, and the powder produced by the conventional method can be used. For example, the metal 
oxide powder or metal oxide precursor powder produced by the liquid phase method, or the metal oxide powder pro- 
duced by the gas phase method or the solid phase method may be used. 

In the present invention, the raw material metal oxide powder is calcined in the atmosphere gas containing at least 
1 vol. %, preferably at least 5 vol. %, more preferably at least 1 0 vol. % of the hydrogen halide based on the whole vol- 
55 ume of the atmosphere gas. 

As the hydrogen halide, hydrogen chloride, hydrogen bromide, hydrogen iodide and hydrogen fluoride are used 
independently or as a mixture of two or more of them. 

As a component of the atmosphere gas other than the hydrogen halide, that is, a diluent gas, nitrogen, inert gas 



4 



EP0 666 238B1 

such as argon, hydrogen, steam or an air can be used. 

A pressure of the atmosphere gas containing the hydrogen halide is not limited, and selected from a pressure 
range which is industrially used. 

It is possible to carry out the calcination in the atmosphere gas containing a component prepared from the molec- 
5 ular halogen and steam, in place of the hydrogen halide. 

As the molecular halogen, molecular chlorine, bromine, iodine and fluorine are used independently or as a mixture 
of two or more of them. 

The component gas is prepared from at least 1 vol. %, preferably at least 5 vol. %, more preferably at least 10 vol. 
% of the molecular halogen and at least 0. 1 vol. %, preferably at least 1 vol. %, more preferably at least 5 vol. % of the 

10 steam, both based on the whole volume of the atmosphere gas. 

In place of the hydrogen halide, the molecular halogen may be used. The raw material metal oxide powder is cal- 
cined in the atmosphere gas containing at least 1 vol. %, preferably at least 5 vol. %, more preferably at least 10 vol. % 
of the molecular halogen based on the whole volume of the atmosphere gas. As the molecular halogen, at least one of 
molecular chlorine, bromine and iodine can be used. 

is As a component of the atmosphere gas other than the component prepared from the molecular halogen and 
steam, or the molecular halogen, that is, a diluent gas, nitrogen, inert gas such as argon, hydrogen, steam or an air can 
be used. 

A pressure in the reaction system is not fimrted, and freely selected from a pressure range which is industrially 
used. 

20 A manner for supplying the atmosphere gas is not critical insofar as the atmosphere gas can be supplied to the 
reaction system in which the raw material metal oxide powder is present 

A source of each component of the atmosphere gas and a manner for supplying each component are not critical 
either. 

For example, as the source of each component of the atmosphere gas, a gas in a bomb can be used Alternatively, 
25 it is possible to prepare the atmosphere gas comprising the hydrogen halide or the molecular halogen using the evap- 
oration or decomposition of a halogen compound such as an ammonium halide, or a halogen-containing polymer such 
as a vinyl chloride polymer. The atmosphere gas may be prepared by calcining a mixture of the raw material metal oxide 
and the halogen compound or halogen-containing polymer in a calcination furnace. 

The hydrogen halide and the molecular halogen are preferably supplied from the bomb directly in the calcination 
30 furnace in view of the operabilrty. The atmosphere gas may be supplied in a continuous manner or a batch manner. 

According to the present invention, when the raw material metal oxide powder is calcined in the above atmosphere 
gas, the metal oxide grows at a site where the raw material metal oxide powder is present through the reaction between 
the raw materia) metal oxide powder and the atmosphere gas. so that the metal oxide powder having the narrow particle 
size distribution, but not agglomerated particles, is generated. Accordingly, the desired metal oxide powder can be 
35 obtained, for example, by simply filling the raw material metal oxide powder in a vessel and calcining it in the atmos- 
phere gas. 

As the raw material metal oxide powder to be used in the present invention, any material which is in a powder form 
may be used, and a bulk density of the powder is preferably at least 40 % or less based on a theoretical density. When 
a molded material having the bulk density exceeding 40 % based on the theoretical density is calcined, a sintering reac- 
40 tion proceeds in the calcination step, whereby grinding is necessitated to obtain the metal oxide powder, and the metal 
oxide powder having the narrow particle size distribution may not be obtained in some cases. 

A suitable calcination temperature is not necessarily critical since it depends on the kind of the intended metal 
oxide, the kinds and concentrations of the hydrogen halide, the molecular halogen and the component prepared from 
the molecular halogen and steam, or the calcination time. It is preferably from 500 to 1500°C, more preferably from 600 
45 to 1400°C. When the calcination time is lower than 500°C, a long time is necessary for calcination. When the calcination 
temperature exceeds 1500°C, many agglomerated particles tend to be contained in the produced metal oxide powder. 

A suitable calcination time is not necessarily critical since it depends on the kind of the intended metal oxide, the 
kinds and concentrations of the hydrogen halide, the molecular halogen and the component prepared from the molec- 
ular halogen and steam, or the calcination temperature. It is preferably at least 1 minute, more preferably at least 10 
so minutes, and selected from a range in which the intended metal oxide powder is obtained. As the calcination tempera- 
ture is higher, the calcination time is shorter. 

When the raw material metal oxide powder containing the seed crystal is calcined, the calcination temperature can 
be lower and the calcination time can be shorter than those when no seed crystal is used, since the metal oxide grows 
around the seed crystals as the growing sites. 
55 A type of a calcination apparatus is not limited, and a so-called calcination furnace may be used. The calcination 
furnace is preferably made of a material which is not corroded by the hydrogen halide or the halogen, and preferably 
comprises a mechanism for adjusting the atmosphere. 

Since the acidic gas such as the hydrogen halide or the halogen is used, the calcination furnace is preferably an 
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airtight one. In the industrial production, preferably the calcination is carried out continuously, and a tunnel furnace, a 
rotary kiln, or a pusher furnace can be used. 

As a vessel used in the calcination step in which the raw material metal oxide powder is filled, preferably a crucible 
or a boat made of alumina, quartz, acid-resistant brick, graphite, or a noble metal such as platinum is used, since the 
5 reaction proceeds in the acidic atmosphere. 

When the metal oxide powder is produced with the addition of the seed crystal to the raw material powder, the par- 
ticle size and the particle size distribution of the metal oxide powder as the product can be controlled by changing a par- 
ticle size and an added amount of the seed crystal. For example, when the amount of the seed crystal is increased, the 
particle size of the produced metal oxide powder is decreased. When the seed crystal having the smaller particle size 
10 is used, the particle size of the produced metal oxide powder is decreased. 

By the above described method, as shown in the attached photographs, the metal oxide powder which is not 
agglomerated particles, and has the narrow particle size distribution and uniform particle size can be obtained, and the 
particle size can be controlled. 

Though the metal oxide powder may be agglomerated particles or contain agglomerated particles, a degree of 
is agglomeration is small, and therefore the metal oxide powder which contains no agglomerated particle is easily pro- 
duced by simple grinding. 

A number average particle size of the metal oxide powder obtained by the method of the present invention is not 
necessarfly limited. In general, it is possible to obtain the metal oxide powder having the particle size of 0.1 to 300 urn. 

The metal oxide powder obtained by the method of the present invention has, as the particle size distribution, a 
20 D 90 /D 10 ratio of 10 or less, preferably 5 or less, where D 10 and D 90 are particle sizes at 10 % and 90 % accumulation, 
respectively from the smallest particle size side in a cumulative particle size curve of the particles. 

When a particle size distribution is measured by a centrifugal segmentation method or a laser diffraction scattering 
method, the obtained value is a particle size distribution of the agglomerated particles. When the particle size distribu- 
tion measured by such method is narrow but the powder contains the agglomerated particles, the dispersibilrty is defe- 
rs riorated, and such powder is not suitable as an industrial raw material. In the present invention, as a criterion of 
agglomeration of the powder, a primary particle size is measured, as a number average value, from a scanning electron 
microscopic photograph, and the obtained value is compared with an agglomerated particle size, that is, a particle size 
at 50 % accumulation in a cumulative particle size curve of the particles (D^). 

That is. the degree of agglomeration is evaluated by a ratio of the agglomerated particle size to the primary particle 
30 size. When this ratio exceeds 1 (one), the powder is in the ideal state containing no agglomerated particle. With the 
actual powder, this ratio exceeds 1 . When this ratio is 6 or less, the powder can be preferably used as the industrial raw 
material. 

The metal oxide powder obtained by the method of the present invention has the ratio of the agglomerated particle 
size to the primary particle size of. preferably from 1 to 6, more preferably from 1 to 3, most preferably from 1 to 2. 
35 Each of the particles of the metal oxide powder of the present invention has a polyhedral form having at least 6 
planes. The number of the planes is usually from 6 to 60, preferably from 6 to 30. 

Concrete examples of the metal oxide powder of the present invention will be explained. 
The particle of the ruble type titanium oxide powder of the present invention comprises a polyhedron having at least 
8 planes with a crystal plane being exposed. The particle of the rutile titanium oxide powder of the present invention 
40 preferably comprises a polyhedron having 8 to 60 planes, more preferably 8 to 30 planes. This is because the inside of 
the particle is uniform, and the powder has less grain boundaries and less lattice defects in the particle. In particular, 
the particle is preferably a single crystal particle. When the number of the planes of the polyhedron is less than 8, the 
growth of the crystal is incomplete. When the number of the polyhedron exceeds 60. the number of the lattice defects 
in the particle tends to increasa When a large step may be present on one crystal plane of the particle, such plane is 
45 regarded as one plane in the present invention. 

The rutile type titanium oxide is characterized in that the particle size Distribution is narrow, and the number of the 
agglomerated particles is small. The ratio of the aggjomerated particle size to the primary particle size is preferably from 
1 to 2. The O^D 10 ratio is 10 or less, preferably 5 or less. 

When the BET specific surface area is large, the powder contains many agglomerated particles and is not suitable 
so as the industrial raw material. Then, the BET specific surface area is preferably 1 0 nf/g or less. When the BET specific 
surface area is less than 0.1 rrr^/g, the primary particle size is too large and the particles cause sedimentation when 
they are dispersed in a solvent. Therefore, the BET specific surface area is preferably from 0.1 to 10 rrfrg, more pref- 
erably 0.1 toSmfyg. 

The zirconium oxide particles of the present invention are characterized in that their shape and particle size are uni- 
55 form. The particle shape is a polyhedron having at least 8 planes. Their particle size and particle size distribution are 
controlled in the specific ranges. The particle size is usually controlled in the range from about 1 um to several hundred 
um. This control of the particle size can be done by the selection of the raw material and the calcination conditions in 
the method of the present invention. 
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As the raw material powder for the flame spray coating, one having the large particle size is preferred. As the pow- 
der preferred for this use, the zirconium oxide powder comprising the particles having, preferably at least 20 urn, more 
preferably about 40 pm is selected. 

That is, the above described method can produce the zirconium oxide powder having the relatively large average 
5 particle size suitable as the raw material for the flame spray coating, by the industrially advantageous steps. 

The zirconium oxide powder of the present invention has the Dgo/D^ ratio of 10 or less, preferably 5 or less. Fur- 
ther, the ratio of the agglomerated particle size to the primary particle size is preferably from 1 to 3, more preferably from 
1to2. 

The magnesium oxide particles of the present invention are characterized in that their shape and particle size are 
w uniform. The particle shape is a polyhedron having at least 8 planes. Their particle size and particle size distribution are 
controlled in the specific ranges. The particle size is usually controlled in the range from about 1 pm to several hundred 
pra This control of the particle size can be done by the selection of the raw material and the calcination conditions in 
the method of the present invention 

The manganese oxide powder of the present invention has the D 90 fD^ 0 ratio 10 or less, preferably 5 or less. Fur- 
is ther. the ratio of the agglomerated particle size to the primary particle size is preferably from 1 to 3. more preferably from 
1 to 2. 

The cerium oxide particles of the present invention are characterized in that their shape and particle size are uni- 
form. As is clear from the attached photographs, they are the cerium oxide cubic particles having the uniform shape and 
particle size. 

20 The tin oxide particles of the present invention are characterized in that their shape and particle size are uniform. 
As is clear from the attached photograph, they are the polyhedrons having at least 8 planes with the uniform shape and 
particle size. 

The indium oxide particles of the present invention are characterized in that their shape and particle size are uni- 
form. As is clear from the attached photograph, they are the polyhedrons having at least 8 planes with the uniform 
25 shape and particle stza 

According to the present invention, it is possible to obtain the various metal oxide powders which are not agglom- 
erated particles but have the narrow particle distribution that cannot be hitherto achieved. 

In many cases, the obtained metal oxide powder is a mass of the uniform polyhedral particles, and can be used in 
the variety of applications such as the raw materials of the metal oxide base ceramics which are used as the functional 
30 material or the structural material, as the filler or the pigment, or the raw material powder for the production of a single 
crystal or for flame spray coating. By the selection of the particle size and amount of the seed crystal, the metal oxide 
having the above properties and the arbitrarily controlled particle size can be obtained. 

Examples 

35 

Hereinafter, the present invention will be explained in detail by examples, which do not limit the scope of the present 
invention in any way. 

The measurements in the examples were carried out as foflows: 

40 1 . Number average particle size of metal oxide powder 

A scanning electron microscopic photograph of a metal oxide powder was taken using an electron microscope (T- 
300 manufactured by Nippon Electron Co., Ltd.). From the photograph, 80 to 100 particles were selected and image 
analyzed to calculate an average value of equivalent circle diameters of the particles and the distribution. The equh/a- 
45 lent circle diameter is a diameter of a circle having the same area as that of each particle in the photograph. 

2. Particle size distribution of metal oxide powder 

The particle size distribution was measured using a master sizer (manufactured by Malvern Instrument, Inc.) or a 
so laser diffraction type particle size distribution analyzer (SALD-1 1 00 manufactured by Shimadzu Corporation). 

The metal oxide powder was dispersed in an aqueous solution of pofyammorrium acrylate or a 50 wt % aqueous 
solution of glycerol, and particle sizes at 10 %, 50 % and 90 % accumulation, respectively from the smallest particle 
size side in a cumulative particle size curve of the particles were measured as the D 10 , D50 and D90- The D50 was used . 
as the agglomerated particle size, and the Dgo/D 10 ratio was calculated as the criterion of the particle size dstrftxrtion. 

55 

3. Crystal phase of metal oxide powder 

The crystal phase of the metal oxide powder was measured by the X-ray diffraction method (RAD-C manufactured 
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by Rigaku Co., Ltd.) 

4. BET specific surface area of metal oxide powder 

A BET specific surface area of a metal oxide powder was measured by FLOWSORB-II (manufactured by Micromet- 
res). 

5. Measurement of primary particle size 

A primary particle size d (urn) was calculated according to the formula of: 

d=s6/(Sxp) 

wherein S (rrfrg) is a BET specific surface area of the powder, and p (g/cm 3 ) is a density of the powder, provided that 
the primary particle size d is a diameter of a particle with the assumption that it were a sphere. 

As the hydrogen chloride gas, bomb hydrogen chloride (purity: 99.9 %) supplied by Tsurumi Soda Ca, Ltd. or a 
decomposition gas of arnmonium chloride (WAKO JUNYAKU, Special Grade Chemical) was used. When the decom- 
position gas of ammonium chloride was used, sublimation gas of ammonium chloride prepared by heating ammonium 
chloride at a temperature higher than its sublimation point was introduced in the furnace muffle to prepare the atmos- 
phere gas. Ammonium chloride was completely decomposed at 1 100°C to provide a gas consisting of 33 vol. % of 
hydrogen chloride gas, 17 vol. % of nitrogen gas and 50 vol. % of hydrogen gas. 

As the hydrogen bromide gas, a decomposition gas of ammonium bromide (WAKO JUNYAKU, Special Grade 
Chemical) was used. Sublimation gas of ammonium bromide prepared by heating ammonium bromide at a temperature 
higher than its sublimation point was introduced in the furnace muffle to prepare the atmosphere gas. Ammonium bro- 
mide was completely decomposed at 1 100°C to provide a gas consisting of 33 vol. % of hydrogen bromide gas, 1 7 vol. 
% of nitrogen gas and 50 vol. % of hydrogen gas. 

As the hydrogen fluoride gas, a decomposition gas of ammonium fluoride (WAKD JUNYAKU. Special Grade Chem- 
ical) was used. Sublimation gas of ammonium fluoride prepared by heating arnmonium fluoride at a temperature higher 
than its sublimation point was introduced in the furnace muffle to prepare the atmosphere gas. Ammonium fluoride was 
completely decomposed at 1 1 00°C to provide a gas consisting of 33 vol. % of hydrogen fluoride gas, 1 7 vol. % of nitro- 
gen gas and 50 vol. % of hydrogen gas. 

As the chloride gas, bomb chlorine gas (purity: 99.4 %) supplied by Fujimoto Industries, Co., Ltd.) was used. 

The metal oxide power or the metal oxide precursor powder was filled in an alumina or platinum vessel. When the 
halogen gas was used, the powder was filled in the alumina vessel. A depth of the filled powder was 5 mm. The calci- 
nation was carried out in a cylindrical furnace having a quartz muffle or an alumina muffle (manufactured by Motoyama 
Co., Lid.). With flowing the nitrogen gas, temperature was raised at a heating rate of from 300°C/hr. to 500°C/hr., and 
when the temperature reached an atmosphere gas introduction temperature, the atmosphere gas was introduced. 

A concentration of the atmosphere gas was adjusted by controlling gas flow rates by flow meters. The flow rate of 
the atmosphere was adjusted to a linear velocity of 20 mm/min. The total pressure of the atmosphere was always 1 
atmosphere. 

After the temperature reached the predetermined temperature, the powder was maintained at that temperature for 
a predetermined period of time. They will be referred to as "maintaining temperature" (calcination temperature) and 
"maintaining time" (calcination time). 

After the predetermined maintaining time, the powder was spontaneously cooled to obtain the intended metal oxide 
powder. 

The partial pressure of steam was adjusted by the change of saturated steam pressure depending on water tem- 
perature, and the steam was irrtroduced in the furnace with the nitrogen gas. 

Example 1 

A metatitanic acid slurry (30 wt. % as reduced to titanium oxide weight. A product obtained in an intermediate step 
of the sulfuric acid method) was concentrated by an evaporator and then dried in an air at 200°C to obtain raw material 
titanium oxide powder. This powder had a BET specific surface area of 1 83 rrftg (a primary particle size calculated from 
the BET specific surface area = 0.008 urn). According to the X-ray diffraction analysis, the powder was found to be ana- 
tase type titanium oxide, and no other peak was observed. 

The raw material titanium oxide powder (1 .2 g) was filled in an alumina vessel. Its bulk density was 1 9 % of the the- 
oretical density. Then, the powder was placed in the quartz muffle, and heated from room temperature at a heating rate 
of 500°C/hr. while flowing the atmosphere gas consisting of 100 vol. % of hydrogen chloride at a linear velocity of 20 
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mnvmin., and calcined at 1 100°C for 30 minutes, followed by spontaneous cooling to obtain a titanium oxide powder. 
The weight of the titanium oxide powder in the alumina vessel after calcination was 85 % of that of the powder before 
calcination. 

The obtained titanium oxide powder was the rutile type titanium oxide according to the result of the X-ray diffraction 
5 analysis, and no other peak was observed. The BET specific surface area was 02 rrfrg. According to the result of the 
observation by the scanning electron microscope, the rutile type titanium oxide consisted of polyhedral particles having 
8 to 20 planes, and had the number average particle size of 9 jim. The agglomerated particle size (D50) according to 
the particle size distribution measurement was 14.2 urn, and the Dgo/D^ ratio was 3, which indicated the narrow parti- 
cle size distribution. The ratio of the agglomerated particle size to the number average particle size was 1 .6. 
10 The obtained particles were observed by a transmission electron microscope. No defect was observed in the par- 
ticles, and it was found that the particle was a single crystal. The results are shown in Table 1 . An electron microscopic 
photograph of the obtained rutile type titanium oxide is shown in Fig. 1. 

Example 2 

IS 

In the same manner as in Example 1 except that an atmosphere gas consisting of 10 vol. % of hydrogen chloride 
and 90 vol. % of nitrogen was used in place of the atmosphere gas of 100 vol. % hydrogen chloride, the rutile type tita- 
nium oxide was obtained. The results are shown in Table 1 . 

20 Example 3 

In the same manner as in Example 1 except that an atmosphere gas consisting of 30 vol. % of hydrogen chloride, 
1 0 vol. % of steam and 60 vol. % of nitrogen was used in place of the atmosphere gas of 1 00 vol. % hydrogen chloride, 
the rutile type titanium oxide was obtained. The results are shown in Table 1 . 

25 

Example 4 

In the same manner as in Example 1 except that an atmosphere gas consisting of 30 vol. % of hydrogen chloride 
and 70 vol. % of an air was used in place of the atmosphere gas of 1 00 vol. % hydrogen chloride, the rutile type titanium 
30 oxide was obtained. The resutts are shown in Table 1. 

Example 5 

The raw material titanium oxide powder as used in Example 1 was filled in the alumina vessel and placed in the 
35 quartz muffle, and heated at a heating rate of 500°CAir. When the temperature reached 600°C, the decomposed gas of 
sublimated ammonium chloride was introduced, and the powder was heated in the decomposed gas atmosphere at 
1 100°C for 30 minutes, followed by spontaneous cooling to obtain the rutile type titanium oxide. At 1 100°C, the compo- 
nents of the decomposed gas were hydrogen chloride gas, nitrogen and hydrogen, and their volume ratio was 33:1 7:50. 
The results are shown in Table 1. 

40 

Ex ample E 

In the same manner as in Example 5 except that ammonium bromide was used in place of ammonium chloride, the 
rutile type titanium oxide was obtained. At 1 100°C, the components of the decomposed gas of ammonium bromide 
45 were hydrogen bromide gas, nitrogen and hydrogen, and their volume ratio was 33:1750. The results are shown in 
Table 1. 

Example 7 

so In the same manner as in Example 5 except that anatase type titanium oxide (MC 90 manufactured by Ishihara 
Industries, Co., Ltd. The BET specific surface area of 104 rrf/g, and the primary particle size calculated from the BET 
specific surface area = 0.013 urn) was used as the raw material oxide powder, ammonium fluoride was used in place 
of ammonium chloride, and the alumina muffle was used in place of the quartz muffle, the rutile type titanium oxide was 
obtained. At 1 100°C, the components of the decomposed gas of ammonium fluoride were hydrogen fluoride gas. nitro- 

55 gen and hydrogen, and their volume ratio was 33:1 7:50. The electron microscopic photograph of the obtained rutile type 
titanium oxide is shown in Fig. 2. The results are shown in Table 1 . 
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Example 8 

In the same manner as in Example 1 except that an atmosphere gas consisting of 30 vol. % of chlorine, 10 vol. % 
of steam and 60 vol. % of nitrogen was used in place of the atmosphere gas of 100 vol. % hydrogen chloride, the rutile 
5 type titanium oxide was obtained. The results are shown in Table 1 . 

Example 9 

In the same manner as in Example 1 except that the anatase type titanium oxide powder as used in Example 7 was 
io used as the raw material titanium oxide powder, and an atmosphere gas of 1 00 vol. % of chlorine was used in place of 
the atmosphere gas of 1 00 vol. % hydrogen chloride, the rutile type titanium oxide was obtained. The results are shown 
in Table 1 . The electron microscopic photograph of the obtained rutile type titanium oxide powder is shown in Fig. 3. 

Example 10 

15 

In the same manner as in Example 1 except that an atmosphere gas of 1 00 vol. % of chlorine was used in place of 
the atmosphere gas of 1 00 vol. % hydrogen chloride, the rutile type titanium oxide was obtained. The results are shown 
in Tablet. 
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Example 11 

In the same manner as in Example 1 except that meta-trtanic acid TH-30 (trade name) manufactured by TEIKA Ca, 
Ud. was used as the raw material powder, and the calcination temperature was changed to 800°C, the ruffle type tita- 
nium oxide was obtained. Hie results are shown in Table 2. 
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Example 12 

In the same manner as in Example 1 except that an anatase titanium oxide powder KA-10 (trade name) manufac- 
tured by Titanium Industries Co., Ltd. was used as the raw material powder, and an atmosphere gas consisting of 45 
vol. % of hydrogen chloride, 45 vol. % of an air and 10 vol. % of steam was used, the ruffle type titanium oxide was 
obtained. 

As the result of the observation using the scanning electron microscope, it was found that the polyhedral particles 
having 8 to 20 planes were produced, the length of the primary particles was about 10 jim and the cSameter was about 
1 urn. The agglomerated particle size was 7.5 urn. When the average value 6 urn of the average length and the average 
diameter of the primary particles was employed as a nurifoer average particle size, the ratio of the agglomerated parti- 
cle size to the number average primary particle size was 1 .3. The results are shown in Table 2. 

Example 13 

To the raw material titanium oxide powder of Example 1 (10.00 g), a ruffle type titanium oxide powder (TTO-55. a 
trade name, manufactured by Titanium Industries Co., Ltd. A BET specific surface area of 38.6 rrfrg) (0.30 g corre- 
sponding to 3 wt. %) was added as the seed crystal. The addition manner comprised dispersing the raw material tita- 
nium oxide powder and the seed crystal by ultrasonic in isopropanoJ to prepare a slurry and drying the slurry with an 
evaporator and a vacuum drier. 

In the same manner as in Example 1 except that the above raw material titanium oxide powder containing the seed 
crystal was used, the ruffle titanium oxide was produced, "me results are shown in Table 2. 

Ex a m p le 14 

To the raw material titanium oxide powder of Example 1 . 3 wt % of a high purity ruffle powder (CR-EL manufactured 
by Ishihara Industries Co., Ltd. A BET specific surface area of 6.8 rrr^/g. A primary particle size calculated from the BET 
specific surface area = 020 um) was added as the seed crystal. The addition manner comprised dispersing the raw 
material titanium oxide powder and the seed crystal were dispersed by ultrasonic in isopropanol to prepare a slurry and 
drying the slurry with an evaporator and a vacuum drier. This raw material titanium oxide powder containing the seed 
crystal was f Bled in the alumina vessel. Its bulk density was 1 9 % of the theoretical value. 

Then, the powder was placed in the quartz muffle, and heated from room temperature at a heating rate of 500°C/hr. 
while flowing nitrogen gas. When the temperature reached 800°C. the nitrogen gas was changed to an atmosphere gas 
of 100 vol. % hydrogen chloride, and the powder was calcined at 1 100°C for 30 minutes while flowing the hydrogen 
chloride gas at a linear velocity of 20 mnvmin., followed by spontaneous cooling to obtain a titanium oxide powder. The 
weight of the titanium oxide powder in the alumina vessel after calcination was 85 wt. % of that of the powder before 
calcination. The results are shown in Table 2. 

Example 15 

In the same manner as in Example 1 4 except that an atmosphere gas consisting of 30 vol. % of hydrogen chloride 
and 70 vol. % of nitrogen was used in place of the atmosphere gas of 100 vol. % hydrogen chloride, the ruffle type tita- 
nium oxide was obtained. The results are shown in Table 2. The electron microscopic photograph of the obtained ruffle 
titanium oxide powder is shown in Fig. 4. 

Example 16 

In the same manner as in Example 14 except that an atmosphere gas consisting of 30 vol. % of chlorine and 70 
vol. % of an air was used in place of the atmosphere gas of 100 vol. % hydrogen chloride, the ruffle type titanium oxide 
was obtained. The results are shown in Table 2. 

Example 17 

In the same manner as in Example 1 4 except that an atmosphere gas consisting of 30 vol. % of hydrogen chloride, 
10 vol. % of steam and 60 vol. % of nitrogen was used in place of the atmosphere gas of 100 vol. % hydrogen chloride, 
the ruffle type titanium oxide was obtained. The results are shown in Table 2. 
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Example 18 

In the same manner as in Example 1 4 except that an atmosphere gas of 1 00 vol. % chlorine gas was used in place 
of the atmosphere gas of 100 vol. % hydrogen chloride, the rutile type titanium oxide was obtained. The results are 
shown in Table 2. 

Example 19 

In the same manner as in Example 18 except that an amount of the seed crystal was changed to 1 wt %. the rutile 
type titanium oxide was obtained. The results are shown in TSble 2. 

Comparative Example 1 

Using the same raw material and the furnace as used in Example 1, the raw material powder was calcined in an air 
with opening the both ends of the furnace. The raw material powder was calcined at 1 100°C for 180 minutes, followed 
by spontaneous cooling to obtain a titanium oxide powder. 

The obtained titanium oxide powder was analyzed by X-ray diffraction to confirm that it was a rutile type titanium 
oxide. No other peak was observed. The BET specific surface area was 1 .5 rtf/g. According to the observation of the 
powder by the scanning electron microscope, no polyhedron particle was formed, and spherical particles were in the 
agglomerated state, and their number average particle size was 0.5 ^m. 

The agglomerated particle size (D^ according to the particle size distribution measurement was 1 .5 urn. and the 
D 90 /D 1 o ratio was 2 1 , which indicated the broad particle size distribution. A ratio of the agglomerated particle size to the 
number average particle size was 3. When the obtained particles were observed by the scanning electron microscope, 
detects were found in the particle, and the particle was not a single crystal. The results are shown in Table 2. The scan- 
ning electron microscopic photograph of the obtained rutile titanium oxide powder is shown in Fig. 5. 

Comparative Example 2 

In the same manner as in Comparative Example 1 except that the same raw material powder as used in Example 
1 4 was used, the ruffle titanium oxide was obtained. The results are shown in Table 2. 
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Example 20 

Zrwnium oxychlorlde octahydrate {WAKD JUNYAKU, Special Grade Chemical) (78.3 g) was dissolved in pure 
water (400 g) to obtain an aqueous solution of a zirconium salt. In aqueous ammonia (25 wt. %. WAKD JUNYAKU, Spe- 
cial Grade Chemical) contained in a 2 liter beaker, the above aqueous solution of the zirconium salt was added over 2 
hours while stirring to neutralize the salt and coprecipitate them. The precipitate was filtered through a liter paper and 
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washed with pure water, followed by drying in vacuo at 100°C to obtain a zirconium oxide precursor powder. The BET 
specific surface area of this precursor powder was 255 rrfrg. 

The zirconium oxide precursor powder was precalcined in the air at 500°C to obtain a raw material powder. 
According to the X-ray diffraction analysis, peaks assigned to monodinic zirconium oxide and tetragonal zirconium 
5 oxide were observed. "Hie BET specific surface area was 79.4 rrftg, and the primary particle size calculated from the 
BET specific surface area was 0.013 pm. 

The raw material powder was filled in a platinum vessel. Its bulk density was 15 % of the theoretical value. 
Then, the powder was placed in the quartz muffle, and with flowing an atmosphere gas of 100 vol. % hydrogen 
chloride at a linear velocity of 20 mm/min.. the powder was heated from room temperature at a heating rate of 
w 300°Cyhr., and calcined at 1 1 00°C for 60 minutes, followed by spontaneous cooling to obtain a zirconium oxide powder. 
The weight of the zirconium oxide powder in the platinum vessel after calcination was 95 wt % of that of the powder 
before calcination. 

According to the X-ray diffraction analysis, the obtained zirconium oxide powder was monodinic zirconium oxide, 
and no other peak was observed. According to the observation by the scanning electron microscope, the polyhedral 
is particles having 8 to 24 planes each were formed, and the number average particle size was 12 urn. The agglomerated 
particle size (Dso) according to the particle size distribution measurement was 15 pm, and the Dgg/D^ ratio was 3. 
which indicated the narrow particle size distrfeution. A ratio of the agglomerated particle size to the number average 
particle size was 1 .3. The results are shown in Table 3. The scanning electron microscopic photograph of the obtained 
powder is shown in Rg. 6. 

20 

Example 21 

Zirconium tetrachloride (Merk. Purity. 98 %) (56.8 g) was dissolved in pure water (500 g) to obtain an aqueous solu- 
tion of a zirconium salt, tn pure water (760 g) contained in a 2 liter beaker, the above aqueous solution of the zirconium 
25 salt was added over 3 hours while stirring. During the addition, aqueous ammonium (25 wt %. WAND JUMYAKU, Spe- 
cial Grade Chemical) was added with maintaining pH constant at 4.0 with a pH controller (FC-10 manufactured by 
Tokyo Rika KDo Co.. Ltd.) to neutralize the salt and obtain a precipitate. An amount of the added aqueous ammonia was 
58.2 g. The precipitate was filtered through a filter paper and washed with pure water, followed by drying in vacuo at 
100°C to obtain a zirconium oxide precursor powder. The BETA specific surface area of this precursor powder was 15 
30 rrf/g, and the primary particle size calculated from the BET specific surface area was 0.07 pm. 

The zirconium oxide precursor powder was calcined in the air at 500°C to obtain a raw material powder. 

According to the X-ray diffraction analysis, peaks assigned to monodinic zirconium oxide and tetragonal zirconium 
oxide were observed. The BET specific surface area was 18.2 rrfVg, and the primary particle size calculated from the 
BET specific surface area was 0.05 pm. 
35 The raw material powder was filed in a platinum vessel. Its bulk density was 25 % of the theoretical value. 

Thereafter, the raw material powder was calcined in the same manner as in Example 20 to obtain the zirconium 
oxide powder. The weight of the zirconium oxide powder in the platinum vessel after calcination was 95 wt % of that of 
the powder before calcination. The results are shown in Table 3. The electron microscopic photograph of the obtained 
powder is shown in Rg. 7. 

40 

Example 22 

As a raw material zirconium oxide powder, high purity zirconia powder (ZP 20 manufactured by Chichibu Cement 
Co., Ltd A BET specific surface area = 93 rr^/g. A primary particle size calculated from the BET specific surface area 

45 =0.01 urn) was used. To this raw material zirconium oxide powder, 2 wt % of a powder which was obtained by sintering 
the above zirconia powder in an air at 1 400°C for 3 hours and milDng it in a baD mill (A BET specific surface area = 2.8 
rrf/g. A primary particle size calculated from the BET specific surface area = 0.36 urn) was added as a seed crystal. 
The adoption manner comprised dispersing the raw material zirconium oxide powder and the seed crystal by ultrasonic 
in isopropand to prepare a slurry and drying the slurry with an evaporator and a vacuum drier. 

so The raw material powder containing the seed crystal was filled in a platinum vessel. Its bulk density was 25 % of 
the theoretical value. 

Thereafter, the raw material powder was calcined in the same manner as in Example 20 to obtain the zirconium 
oxide powder. The results are shown in Table 3. The electron microscopic photograph of the obtained zirconium oxide 
powder is shown in Rg. 8. 

55 

Comparative Example 3 

In the same manner as in Example 20 except that an atmosphere gas of 1 00 vol. % air was used in place of the 
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atmosphere gas of 100 vol. % hydrogen chloride, the zirconium oxide powder was obtained. According to the observa- 
tion by the scanning electron microscope, no polyhedron particle was formed, and the spherical particles were in the 
agglomerated state, and their number average particle size was 0.2 um. 

The agglomerated particle size [D^) according to the particle size distribution measurement was 11 pm, and the 
5 D 90 /D 1 o ratio was 22, which indicated the broad particle size distrfoution. A ratio of the agglomerated particle size to the 
number average particle size was 55. The results are shown in Table 3. The scanning electron microscopic photograph 
of the obtained zirconium oxide powder is shown in Fig. 9. 

Comparative Example 4 

10 

In the same manner as in Comparative Example 3 except that the raw material powder of Example 22 but contain- 
ing no seed crystal was used, the zirconium oxide powder was obtained. The results are shown in Table 3. 

Comparative Example 5 

15 

In the same manner as in Comparative Example 3 except that the raw material powder of Example 22 containing 
the seed crystal was used, the zirconium oxide powder was obtained. The results are shown in Table 3. 

Example 23 

20 

As a raw material powder, a magnesium oxide powder having the BET specific surface area of 132 rrf/g (A primary 
particle size calculated from the BET specific surface area = 0.01 um) was used and filled in a platinum vessel. Hs bulk 
density was 2 % of the theoretical value. 

Then, the powder was placed in the quartz muffle, and with flowing nitrogen gas at a linear velocity of 20 mm/min., 
25 the powder was heated from room temperature at a heating rate of 300 °C/hr. When the temperature reached 800°C, 
the nitrogen gas was changed to an atmosphere gas of 100 vol. % hydrogen chloride. While flowing this atmosphere 
gas at a linear velocity of 20 mm/min., the powder was calcined at 1 0O0°C for 30 minutes, followed by spontaneous 
coding to obtain a magnesium oxide powder. 

According to the observation by the scanning electron microscope, the polyhedral particles having 8 to 24 planes 
30 were formed, and the number average particle size was 30 um. The results are shown in Table 3. The scanning electron 
microscopic photograph of the magnesium oxide powder is shown in Fig. 1 0. 

Example 24 

35 To the raw material magnesium oxide powder of Example 23, 0.1 wt % of a magnesium oxide powder having the 

BET specific surface area of 8.0 rrftg (the primary particle size calculated from the BET specific surface area = 0-20 

um) was added as a seed crystal. 

The addition manner comprised dispersing the raw material magnesium oxide powder and the seed crystal by 

ultrasonic in isopropanol to prepare a slurry and drying the slurry with an evaporator and a vacuum drier. The raw mate- 
40 rial magnesium oxide powder containing the seed crystal was filled in the platinum vessel. Hs bulk density was 3 % of 

the theoretical value. Thereafter, in the same manner as in Example 23, the magnesium oxide powder was obtained. 
According to the observation by the scanning electron microscope, the number average particle size was 8 um. The 

agglomerated particle size (D50) according to the particle size distribution measurement was 1 1 um, and the D 90 /D 10 

ratio was 3, which indicated the narrow particle size distribution. A ratio of the agglomerated particle size to the number 
45 average particle size was 1 .4. The results are shown in Table 3. The scanning electron microscopic photograph of the 

obtained powder is shown in Rg. 11. 

Example 25 

so In the same manner as in Example 24 except that the amount of the seed crystal was changed to 3 wt. %, the mag- 
nesium oxide powder was obtained. The results are shown in Table 3. The scanning electron microscopic photograph 
of the obtained magnesium oxide powder is shown in Fig. 12. 

Comparative Example 6 

55 

In the same manner as in Example 23 except that the atmosphere gas of 1 00 vol. % air was supplied from the room 
temperature in place of the atmosphere gas of 100 vol. % hydrogen chloride, the magnesium oxide powder was 
obtained. According to the observation by the scanning electron microscope, no polyhedral particle was formed, spher- 
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ical particles were in the agglomerated state, and the number average particle size was 0.4 |im. The agglomerated par- 
ticle size (D50) according to the particle size distribution measurement was 1 jim, and the D 9 o/D 10 ratio was 17, which 
indicated the broad particle size distribution. The results are shown in Table 3. The scanning electron microscopic pho- 
tograph of the obtained magnesium oxide powder is shown in Fig. 13. 

5 

Comparative Example 7 

In the same manner as in Comparative Example 6 except that the raw material powder of Example 25 was used, 
the magnesium oxide powder was obtained. The results are shown in Table 3. 

10 
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Example 26 

55 Gamma iron (III) oxide (A BET specific surface area of 34.4 rrftg. A primary particle size calculated from the BET 
specific surface area of 0.03 um) was filled in a platinum vessel. Its bulk density was 1 6 % of the theoretical value. 

Then, the powder was placed in the quartz muffle, and with flowing nitrogen gas at a linear velocity of 20 mm/rrdn., 
the powder was heated from room temperature at a heating rate of 300 °C/hr. When the temperature reached 600°C. 
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the nitrogen gas was changed to an atmosphere gas of 100 vol. % hydrogen chloride. While flowing this atmosphere 
gas at a linear velocity of 20 mnrvmin., the powder was calcined at 800°C tor 30 minutes, followed by spontaneous cool- 
ing to obtain an iron oxide powder. The weight of the iron oxide powder in the platinum vessel was 92 % of that of the 
powder before calcination. 

5 According to the X-ray diffraction analysis, the obtained iron oxide powder was alpha iron (III) oxide, and no other 
peak was observed. 

According to the observation by the scanning electron microscope, the polyhedral particles having 8 to 20 planes 
were formed, and the number average particle size was 5 jim. The agglomerated particle size (D^,) according to the 
particle size distribution measurement was 6 um, and the Dgo/D^ ratio was 4. which indicated the narrow particle size 
w distnbution. The ratio of the agglomerated particle size to the number average particle size was t.3. The results are 
shown in Table 4. The scanning electron microscopic photograph of the obtained alpha iron (HO oxide powder is shown 
in Fig. 14. 

Comparative Example 8 

is 

In the same manner as in Example 26 except that an atmosphere gas of 100 vol. % air was supplied from the room 
temperature in place of the atmosphere gas of 100 vol. % hydrogen chloride, the alpha iron (III) oxide powder was 
obtained. 

According to the observation by the scanning electron microscope, no polyhedral particle was formed, the spherical 
20 particles were in the agglomerated state, and their number average particle size was 02 pm. The agglomerated particle 
size (Dsq) according to the particle size distribution measurement was 7 pm, and the Dgo/D 10 ratio was 1 00, which indi- 
cated the narrow particle size distribution. The ratio of the agglomerated particle to the number average particle size 
was 35. The results are shown in Table 4. The scanning electron microscopic photograph of the obtained alpha iron (HI) 
oxide powder is shown in Fig. 15. 

25 

Example 27 

Cerium (IV) sulfate (WAKO JUMYAKU, Special Grade Chemical) (100 g) was dissolved in pure water (900 g) to 
obtain an aqueous solution of a cerium (IV) sulfate. To this aqueous solution, a 2N aqueous solution of sodium hydrox- 
30 ide (WAKO JUNYAKU, Special Grade Chemical) was added tin pH reached 10 to neutralize the solution and precipitate 
the salt The precipitate was separated by centrtfugation and stirred in pure water. These procedures were repeated 
several times to wash the precipitate with water. The precipitate washed with water was dried at 120°C to obtain a 
cerium oxide precursor powder. According to the X-ray cfiffraction analysis, a broad peak assigned to cubic system 
cerium oxide was observed. The BET specific surface area of this precursor powder was 208.7 rrftg, and the primary 
35 particle size calculated from the BET specific surface area was 0.004 jim. 

The cerium oxide precursor powder was filled in a platinum vessel. Then, it was placed in the quartz muffle, and 
with flowing an air at a linear velocity of 20 mm/min., the powder was heated from room temperature at a heating rate 
of 300°C/hr. When the temperature reached 400°C, the air was changed to an atmosphere gas of 100 vol. % hydrogen 
chloride. While flowing this atmosphere gas at a linear velocity of 20 mm/min., the powder was calcined at 1 1 00°C for 
40 60 minutes, followed by spontaneous cooling to obtain a cerium oxide powder. 

According to the X-ray diffraction analysts, the obtained cerium oxide powder was cubic system cerium oxide, and 
no other peak was observed. 

According to the observation by the scanning electron microscope, the polyhedral particles having 6 planes, that 
is, the cubic particles were formed, and the number average particle size was 1.5 um. The results are shown in Table 
45 4. The scanning electron microscopic photograph of the obtained powder is shown in Fig. 16. 

Comparative Example 9 

In the same manner as in Example 27 except that as an atmosphere gas. an air was used in place of hydrogen 
so chloride, the cerium oxide powder was obtained. 

According to the observation by the scanning electron microscope, no polyhedral particle was formed, and the 
spherical particles were in the agglomerated state. The results are shown in Table 4. The scanning electron microscopic 
photograph of the obtained cerium oxide powder is shown in Fig. 17. 

55 Examples 

As a raw material powder, a metastannic acid powder (Nippon Chemical Industries Co., Ltd. A BET specific surface 
area = 75.4 rrf/g) was used. 
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The metastannic acid powder was filled in an alumina vessel. Then, it was placed in the quartz muffle, and with 
flowing an air at a linear velocity of 20 mm/min., the powder was heated from room temperature at a heating rate of 
300°C/hr. When the temperature reached 600°C, the air was changed to an atmosphere gas consisting of 50 vol. % of 
hydrogen chloride and 50 vol. % of the air. While flowing this atmosphere gas at a linear velocity of 20 mrrVmin., the 
s powder was calcined at 1 050°C for 60 minutes, followed by spontaneous cooling to obtain a tin oxide powder. 

According to the X-ray diffraction analysis, the obtained tin oxide powder was tin dioxide, and no other peak was 
observed. 

According to the observation by the scanning electron microscope, the polyhedral particles having 8 to 24 planes 
were formed, and the number average particle size was 0.4 urn. The results are shown in Table 4. The scanning elec- 
10 tron microscopic photograph of the obtained powder is sfiown in Fig. 18. 

Comparative Example 10 

In the same manner as in Example 28 except that, as an atmosphere gas, an air was used in place of hydrogen 
is chloride, the tin oxide powder was obtained. 

According to the observation by the scanning electron microscope, no polyhedral particle was formed, and the 
spherical particles were in the agglomerated state. The results are shown in Table 4. The scanning electron microscopic 
photograph of the obtained powder is shown in Fig. 19. 

20 Example 29 

Indium (III) chloride tetrahydrate(WAKD JUNYAKU, Special Grade Chemical) (14.67 g) was dissolved in pure water 

to obtain an aqueous solution of indium (III) chloride (100 g). To this aqueous solution, a 1N aqueous ammonia (25 % 

aqueous ammonia. WAKO JUNYAKU. Prepared by diluting Special Grade Chemical with pure water) was added till pH 
25 reached 8 to neutralize the solution and precipitate the salt. The precipitate was separated by titration and stirred in 

pure water. These procedures were repeated several times to wash the precipitate with water. The precipitate washed 

with water was dried at 130°C to obtain an indium oxide precursor powder. 

According to the X-ray diffraction analysis, peaks assigned to indium hydroxide and indium axy hydroxide were 

observed. The BET specific surface area of this precursor powder was 70.4 rrr^/g. 
30 The indium oxide precursor powder was filled in an alumina vessel. Then, it was placed in the quartz muffle, and 

with flowing an air at a linear velocity of 20 mm/rnin., the powder was heated from room temperature at a heating rate 

of 600°C/hr. When the temperature reached 1000°C, the air was changed to an atmosphere gas consisting of 20 vol. 

% of hydrogen chloride and 80 vol. % of the air. While flowing this atmosphere gas at a linear velocity of 20 mm/min.. 

the powder was calcined at 1000°C for 30 minutes, followed by spontaneous cooling to obtain an indium oxide powder. 
35 According to the X-ray diffraction analysis, the obtained indium oxide powder was indium oxide, and no other peak 

was observed. The results are shown in Table 4. The scanning electron microscopic photograph of the obtained powder 

is shown in Fig. 20. 

Comparative Example 11 

40 

In the same manner as in Example 29 except that, as an atmosphere gas. an air was used in place of hydrogen 
chloride, the indium oxide powder was obtained. 

The results are shown in Table 4. The scanning electron rricroscopic photograph of the obtained indium oxide pow- 
der is shown in Fig. 21 . 
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Claims 



55 1 - A metal oxide powder of a single metal element except a-alumina, comprising polyhedral particles having at least 
6 planes each, a number average particle size of from 0. 1 to 300 pm, and a Dgo/D 10 ratio of 10 or less where D 10 
and Dgo are particle sizes at 10 % and 90 % accumulation, respectively from the smallest particle size side in a 
cumulative particle size curve of the particles. 
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2. The metal oxide powder according to claim 1 , wherein said D 90 /D 10 ratio is 5 or less. 

3. The metal oxide powder according to claim 2, wherein a ratio of an agglomerated particle size to a primary particle 
size is from 1 to 6. 

4. The metal oxide powder according to claim 3, wherein said ratio of an agglomerated particle size to a primary par- 
ticle size is from 1 to 3. 

5. The metal oxide powder according to any one of claims 1 to 4. wherein said metal oxide is a simple metal oxide of 
a metal element selected from the group consisting of the metal elements of the Groups lb, II, III, IV. V, VI, VII and 
VIII of the Periodic Table, except a-alumina powder. 

6. The metal oxide powder according to arty one of clams 1 to 4, wherein said metal oxide is a simple metal oxide of 
titanium. 

7. The metal oxide powder according to any one of claims 1 to 4, wherein said metal oxide is a simple metal oxide of 
a metal selected from the group consisting of magnesium, zirconium and iron. 

8. The metal oxide powder according to any one of claims 1 to 4, wherein said metal oxide is a simple metal oxide of 
cerium. 

9. The metal oxide powder according to any one of claims 1 to 4, wherein said metal oxide is a simple metal oxide of 
a metal selected from the group consisting of indium and tin. 

1 0. The metal oxide powder according to any one of claims 1 to 4, wherein said metal oxide is a simple metal oxide of 
a metal selected from the group consisting of zinc, cadmium, gallium, germanium, niobium, tantalum, antimony, 
bismuth, chromium, molybdenum, manganese, cobalt, nickel and uranium. 

1 1 . A ruble type titanium oxide powder comprising polyhedral particles each having at least 8 planes. 

1 2. The rutile type titanium oxide powder according to daim 1 1 , wherein a ratio of an agglomerated particle size to a 
primary particle size is from 1 to 2, and a BET specific surface area is from 0.1 to 1 0 rrf/g. 

1 3. A method for producing a metal oxide powder having a narrow particle size distribution except a-alumina, compris- 
ing calcining a metal oxide powder or a metal oxide precursor powder in the presence or absence of a seed crystal 
in an atmosphere containing at least one gas selected from the group consisting of (1) a hydrogen halide, (2) a 
component prepared from a molecular halogen and steam and (3) a molecular halogen. 

14. The method according to claim 13, wherein said calcination is carried out in the presence of a seed crystal. 

1 5. The method according to daim 1 3 or 1 4, wherein said gas contained in said atmosphere gas is a hydrogen halide. 

16. The method according to claim 15, wherein said hydrogen halide is hydrogen chloride or hydrogen bromide. 

17. The method according to daim 15, wherein said hydrogen halide is hydrogen fluoride. 

18. The method according to claim 15, wherein a concentration of said hydrogen halide is at least 1 vol. % of said 
atmospheric gas. 

19. The method according to claim 13 or 14, wherein said gas contained in said atmosphere gas is said component 
prepared from a molecular halogen and steam. 

20. The method according to daim 19, wherein said molecular halogen is chlorine or bromine. 

21 . The method according to daim 1 9, wherein said molecular halogen is fluorine 

22. The method according to daim 19, wherein said component is prepared from at least 1 vol. % of said molecular 
halogen and at least 0. 1 vol. % of steam, both based on said atmosphere gas. 
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23. The method according to claim 13 or 14, wherein said gas contained in said atmosphere gas is a molecular halo- 
gen which is chlorine or bromine, and a concentration of said molecular halogen in said atmosphere gas is at least 
1vol. %. 

24. The method according to claim 13. wherein said metal oxide powder or metal oxide precursor powder has a bulk 
density of 40 % or less of a theoretical value. 

25. The method according to claim 14, wherein said seed crystal had a bulk density of 40 % or less of a theoretical 
value. 

26. The method according to claim 13 or 14, wherein said metal oxide having a narrow particle size distribution except 
a-alumina is formed on a site where said metal oxide powder or metal oxide precursor powder to be calcined is 
present. 

27. The method accorcing to claim 13 or 14, wherein said metal oxide powder or metal oxide precursor powder to be 
calcined is a metal oxide powder or metal oxide precursor powder of a metal element selected from the group con- 
sisting of the metal elements of the Groups lb. II. Ill, IV, V, VI, VII and VIII of the Periodic Table. 

28. The method according to claim 13 or 14, wherein said metal oxide powder or metal oxide precursor powder is a 
metal oxide powder or metal oxide precursor powder of a metal selected from the group consisting of magnesium, 
titanium, zirconium and iron. 

29. The method according to claim 13 or 14, wherein said metal oxide powder or metal oxide precursor powder is a 
metal oxide powder or metal oxide precursor powder of cerium. 

30. The method according to claim 13 or 14, wherein said metal oxide powder or metal oxide precursor powder is a 
metal oxide powder or metal oxide precursor powder of a metal selected from the group consisting of indium and 
tin. 

31. The method according to claim 13 or 14, wherein said metal oxide powder or metal oxide precursor powder is a 
metal oxide powder or metal oxide precursor powder of a metal selected from the group consisting of zinc, cad- 
mium, gallium, germanium, niobium, tantalum, antimony, bismuth, chromium, molybdenum, manganese, cobalt, 
nickel and uranium. 

Patentanspruche 

1. Metaltoxjdptfver eines einzelnen Metallelements. ausgenommen a-Aluminiumoxid, umfassend polyedrische Tefl- 
chen mrt jewels wenigstens 6 Flachen, einem Zahlenrrtttel der TeilchengrOBe von 0,1 bis 300 nm und einem 
Dgo/D 10 -Verhaltnis von 10 oder weniger, wobei D 10 bzw. Dgo in einer TeilchengrOBensummenkurve der Teilchen, 
beginnend auf der Seite der Weinsten TeilchengrOBe, die TeflchengrOBen bei 10% bzw. 90% Anreicherung bedeu- 
ten. 

2. Metaltoxidpulver nach Anspruch 1 , wobei das D 90 /D 10 -Verhaltnis 5 oder weniger betragt 

3. Metaltoxidpulver nach Anspruch 2, wobei das Verhattnis der GrOBe eines aggtomerierten Teflchens zur GrOBe 
eines primaren Teilchens 1 bis 6 betragt 

4. Metaltoxidptiver nach Anspruch 3. wobei das Verhaltnis der GrOBe eines agglomerierten Teilchens zur GrOBe 
eines primaren Teilchens 1 bis 3 betragt 

5. Metalloxidputver nach einem der Anspruche 1 bis 4, wobei das Metalloxid ein einfaches Metalloxid eines Metallele- 
ments, ausgewahlt ausden Metallelementen der Gruppen to, II. III. IV. V. VI. VII und VIII des Periodensystems. ist. 
ausgenommen a-Aluminiumoxidpulver. 

6. Metaltoxidpulver nach einem der AnsprOche 1 bis 4, wobei das Metalloxid ein eirrfaches Metalloxid von Titan ist. 

7. Metaltoxidpulver nach einem der AnsprOche 1 bis 4, wobei das Metalloxid ein einfaches Metalloxid eines Metalls. 
ausgewahlt aus Magnesium. Zirconium und Eisen. ist 
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8. Metalloxidpulver nach einem der Anspruche 1 bis 4, wobei das Metalloxid ein einfaches Metalloxid von Cer ist. 

9. Metalloxidpulver nach einem der Anspruche 1 bis 4, wobei das Metalloxid ein einfaches Metalloxid eines Metalls, 
ausgewahrt aus Indium und Zinn, ist. 

10. Metalloxidpulver nach einem der Anspruche 1 bis 4. wobei das Metalloxid ein einfaches Metalloxid eines Metalls, 
ausgewahrt aus Zink. Cadmium, Gallium, Germanium, Niob, Tantal, Antimon, Wismut. Chrom, Molybdan, Mangan, 
Cobalt, Nickel und Uran, ist. 

11. TrtanoxkJpulver vom Rutil-Typ, umtassend polyedrische Teilchen mit jeweils wenigstens 8 Flachen. 

12. Trtanoxidpulver vom Rutil-Typ nach Anspruch 1 1 . wobei das VerhaJtnis der GrOBe eines agglomerierten Teilchens 
zur GrOBe eines primaren Teilchens 1 bis 2 betragt und die spezifische Oberflache nach BET 0,1 bis 10 rrf/g 
betr&gt. 

13. Verfahren zur Herstellung eines Metalloxidputvers mit einer engen TeilchengrOBenverteilung, ausgenommen a- 
Aluminiumoxid, umtassend Calcinieren eines Metalloxidputvers Oder Metalloxidprakursorenpuh/ers in Gegenwart 
Oder Abwesenhert eines Impfkristalls in einer Atmosphare. die wenigstens ein Gas enthaJt ausgewahrt aus (1) 
einem Wasserstoffhalogenid. (2) einem Bestandteil, der aus einem molekularen Halogen und Wasserdampfherge- 
stellt wurde, und (3) einem molekularen Halogen. 

14. Verfahren nach Anspruch 13, wobei die Calcinierung in Gegenwart eines Impfkristalls durchgefOhrt wird. 

15. Verfahren nach Anspruch 13 oder 14, wobei das Gas, welches in der Atmosphare enthatten ist, ein Wasserstoffha- 
logenid ist. 

16. Verfahren nach Anspruch 15, wobei das Vvasserstoffhalogenid Chlorwasserstoff oder Bromwasserstoff ist 

17. Verfahren nach Anspruch 15. wobei das Wasserstoffhalogenid Ruorwasserstoff ist 

18. Verfahren nach Anspruch 15, wobei die Konzentration des VVasserstoflhalogenids wenigstens 1 Vol.-% des Atmo- 
spharengases ausmacht. 

19. Verfahren nach Anspruch 13 oder 14, wobei das Gas, welches im Atmospharengas enthatten ist, der Bestandteil 
ist. welcher aus einem molekularen Halogen und Wasserdarnpf hergestellt wurde. 

20. Verfahren nach Anspruch 19. wobei das moiekulare Halogen Chlor oder Brom ist 

21. Verfahren nach Anspruch 19, wobei das moiekulare Halogen Fluor ist. 

22. Verfahren nach Anspruch 19, wobei der Bestandteil aus wenigstens 1 Vol.-% des molekularen Halogens und 
wenigstens 0,1 vbl.-% Wasserdarnpf, jeweils bezogen auf das Atmospharengas, hergestellt wird. 

23. Verfahren nach Anspruch 13 oder 14, wobei das Gas, welches im Atmospharengas enthalten ist, ein molekutares 
Halogen ist, das Chlor oder Brom ist. und die Konzentration des molekularen Halogens im Atmospharengas wenig- 
stens 1 vbi.-% ausmacht. 

24. Verfahren nach Anspruch 13, wobei das Metalloxidpulver oder MetaJloxidprakursorenpulver eine SchQttdichte von 
40% oder weniger des theoretischen Werts hat. 

25. Verfahren nach Anspruch 14, wobei der Impfkristall eine SchOttdichte von 40% oder weniger des theoretischen 
Werts hatte. 

26. Verfahren nach Anspruch 13 oder 14, wobei das Metalloxid mit einer engen TeilchengrOBenverteflung, ausgenom- 
men a-Alurrtniumcodd. an einer Stefle erzeugt wird. an welcher das zu cateinierende Metaltoxidputver oder MetaO- 
oxidprakursorenpufver vorhanden ist 

27. Verfahren nach Anspruch 13 oder 14. wobei das zu calcinierende Metalloxidpulver oder Metalloxtdprakursorenpul- 
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ver ein Metalloxidpulver Oder Melalloxidprakursorenpulver eines Metallelements, ausgewahlt aus den Metallele- 
menten der Gruppen lb. II. III. IV, V, VI. VII und VIII des Pertodensystems, ist. 

28. Verfehren nach Anspruch 13 oder 14. wobei das Metalloxidpulver oder MetalloxklprakuTSorenpulver eln Metalloxid- 
pulver Oder Metalloxidprakursorenpulver eines Metalls, ausgewahlt aus Magnesium, Titan, Zirconium und Eisen, 
ist. 

29. Verfehren nach Anspruch 13 oder 1 4, wobei das Metalloxidpulver oder Metalloxidprakursorenpulver ein Metalloxid- 
pulver oder Metalloxidprakursorenpulver von Cer ist. 

30. Verfehren nach Anspruch 13 oder 14, wobei das Metalloxidpulver oder Metalloxidprakursorenpulver ein Metalloxid- 
pulver oder Metalloxidprakursorenpulver eines Metalls, ausgewahlt aus Indium und Zinn, ist 

31 . Verfehren nach Anspruch 1 3 oder 1 4, wobei das Metalloxidpulver oder Metaltoxk^prakursorenpulver ein Metalloxid- 
pulver oder Metalloxidprakursorenpulver eines Metalls. ausgewahlt aus Zink, Cadmium, Gallium. Germanium, 
Niob. Tantal, Antimon, Wismut Chrom. Mdybdan. Mangan, Cobalt, Nickel und Uran, ist. 

Revendications 

1 . Poudre d'oxyde metallique d*un metal elementaire unique, a r exception de ra-alumine, conprenant des particules 
polyedriques ayant au moins 6 plans chacune, une granulometrie moyenne en nombre de 0,1 a 300 um, et un rap- 
port D9o/D 10 de 10 ou moins ou D 10 et sort les granulomeres a une accumulation de 10 % et 90 %, respec- 
tivement, depuis le cdte de la granulometrie la plus petite dans une courbe de granulometrie cumulative des 
particules. 

2. Poudre cfoxyde metallique selon la revendication 1 , dans laquelle ledt rapport D<rfDi 0 est de 5 ou moins. 

3. Poudre cfoxyde metalfique selon la revendication 2, dans laquelle le rapport de la granulometrie aggtomeree a la 
granulometrie primaire est de 1 a 6. 

4. Poudre cfoxyde metallique selon la revendication 3, dans laquelle ledrt rapport de la granulometrie agglomeree a 
la granulometrie primaire est de 1 a 3. 

5. Poudre cfoxyde metallique selon rune quelconque des revendications 1 a 4, dans laquelle ledrt cocyde metallique 
est un oxyde metallique simple d un metal elementaire chotsi dans r ensemble constitue par les metaux elemental- 
res des Groupes lb, II. III. IV, V, VI. VII et VIII du Tableau Periodique, a rexception de la poudre cfa-alumina 

6. Poudre cfoxyde metallique selon rune quelconque des revendications 1 a 4, dans laquelle ledrt oxyde metallique 
est un oxyde metallique simple de trtane. 

7. Poudre cfoxyde metallique selon rune quelconque des revendications 1 a 4, dans laquelle ledrt oxyde metallique 
est un oxyde metallique simple cf un metal chotsi dans I'ensemWe constitue par le magnesium, le zirconium et le fer. 

8. Poudre cfoxyde metallique selon rune quelconque des revendications 1 a 4, dans laquelle ledit oxyde metallique 
est un oxyde metallique simple de cerium. 

9. Poudre d'oxyde metallique selon rune quelconque des revendications 1 a 4, dans laquelle ledit oxyde metalfique 
est un oxyde metalfique simple d'un metal choisi dans I'ensemble constitue par llndium et i'etaia 

10. Poudre d'oxyde metallique selon rune quelconque des revendications 1 a 4, dans laquelle ledit oxyde metallique 
est un oxyde metallique simple d'un metal choisi dans r ensemble constitue par le zinc, le cadmium, le gallium, le 
germanium, le niobium, le tantaJe, rantimoine, le bismuth, le chrome, le rrolybdene. le manganese, le cobalt, le nic- 
kel et Cranium. 

11. Poudre cfoxyde de titane de type ruffle comprenant des particules polyedriques ayant chacune au moins 8 plans. 

1 2. Poudre d'oxyde de titane de type ruffle selon la revendication 1 1 , dans leque! le rapport de la granulometrie aggto- 
meree a la granulometrie primaire est de 1 a 2, et I'aire specffique BET est de 0.1 a 10 rrfrg. 



29 



EP0666 238B1 

1 3. Proc6d6 pour produire une poudre d'axyde metallique ayant une cfistribution 6trorte de granulomere, a ('exception 
de la-alumine, cornprenant ta calcination d'une poudre d'axyde metallique ou d'une poudre de precurseur d'oxyde 
m&allique en presence ou en I'absence d'un germe cristallin dans une atmosphere contenant au moins un gaz 
choisi dans ('ensemble constrtue par (1) un halogenure d'hydrogene (2) un composant prepare a partir d'un 
halogene moleculaire et de vapeur et (3) un halogene moleculaire. 

14. Precede selon la reverxfication 13, dans lequel ladrte calcination est r6alis6e en presence (fun germe cristallin. 

15. Precede selon la revendication 13 ou 14, dans lequel ledit gaz contenu dans ladite atmosphere gazeuse est un 
halogenure d'hydrogene. 

16. Precede selon la revendication 15, dans lequel ledrt halog6nure d'hydrogene est le chlorure d'hydrogene ou le bro- 
mure d'hydrogene. 

17. Proc6d6 selon la revendication 15. dans lequel ledrt halogenure d'hydrogene est le fluorure d'hydrogene. 

18. Proc6d6 selon la revendication 15, dans lequel la concentration dudit halogenure d'hydrogene estd'au moins 1 % 
en volume de ladrte atmosphere gazeuse. 

19. Precede selon la revendication 13 ou 14. dans lequel ledrt gaz contenu dans ladite atmosphere gazeuse est ledrt 
compose prepare a partir d'un halogene moleculaire et de vapeur. 

20. Precede selon la reverxfication 19. dans lequel ledrt halogene moleculaire est le chlore ou le brome. 

21. Precede selon la revendication 19. dans lequel ledrt halogene moleculaire est le fluor. 

22. Precede selon la revendication 19, dans lequel ledrt composant est prepare a partir d'au moins 1 % en volume dudit 
halogene moleculaire et cf au moins 0. 1 % en volume de vapeur, les deux par rapport a ladite atmosphere gazeuse. 

23. Precede selon la revendication 13 ou 14, dans lequel ledit gaz contenu dans ladite atmosphere gazeuse est un 
halogene moleculaire qui est le chlore ou le brome. et la concentration dudit halogene moleculaire dans lacfite 
atmosphere gazeuse est cf au moins 1 % en volume. 

24. Precede selon la revendication 13. dans lequel ladrte poudre d'axyde metalHque ou poudre de pr6curseur cfoxyde 
metalfique a une masse volumique non tassee representant 40 % ou moins de la valeur theorique. 

25. Precede selon la revendication 1 4, dans lequel ledit germe cristallin a une masse volumique non tassee represen- 
tant 40 % ou moins de la valeur theorique. 

26. Proc6d6 selon la revendication 13 ou 14, dans lequel ledit oxyde metalfique ayant une distribution etrorte de gra- 
nulomere, a Texception de I'a-alumine, est forme sur un site ou ladite poudre cfoxyde metallique ou poudre de pre- 
curseur cfoxyde metalfique devant etre calcinee est present* 

27. Precede selon la revendication 13 ou 14, dans lequel ladite poudre d'axyde metalfique ou poudre de pr6curseur 
cfoxyde metalfique devant etre caldn6e est une poudre cfoxyde metallique ou une poudre de precurseur cfoxyde 
metalfique (fun metal elementaire choisi dam, I'ensemble constitu6 par les metaux elementaires des Groupes to 
II, III, IV, V. VI, VII et VIII du Tableau Periocfique. 

28. Precede selon la revendication 13 ou 14, dans lequel ladite poudre d'oxyde metalfique ou poudre de precurseur 
d'oxyde metallique est une poudre d'oxyde metalfique ou poudre de precurseur cfoxyde metalfique d'un metal 
choisi dans I'ensemble constrtue par le magnesium, le trtane, le zirconium et le fer. 

29. Precede selon ta revendication 13 ou 14. dans lequel ladite poudre d'oxyde metallique ou poudre de precurseur 
d'oxyde metallique est une poudre d'oxyde metallique ou poudre de precurseur d'oxyde metallique de cerium. 

30. Precede selon ta revendication 13 ou 14, dans lequel ladite poudre cfoxyde metallique ou poudre de precurseur 
d'oxyde metallique est une poudre d'oxyde metalfique ou poudre de precurseur d'oxyde metalfique d'un metal 
choisi dans I'ensemble constrtue par Hndrum et retain. 
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31. Precede selon la revendication 13 ou 14, dans lequel ladite poudre d'oxyde metallique ou poudre de precurseur 
d'oxyde metallique est une poudre d'oxyde metallique ou poudre de precurseur d'oxyde metallique d'un metal 
choisi dans I'ensemble constrtue par le zinc, le cadmium, le gallium, le germanium, le niobium, le tarttale, I'anti- 
moine, le bismuth, le chrome, le molybdene, le manganese, le cobalt, le nickel et I'uranium. 
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